The regulatory and accessory proteins of human immunodeficiency virus type 1 (HIV-1) are produced from singly or multiply spliced mRNAs. We have used HIV-l-specific oligonucleotide primer pairs in a polymerase chain reaction procedure on RNA from lymphocyte cell lines infected with HIV-1228200. The amplified products were analysed by hybridization with splice junction-specifc oligonucleotide probes to determine splice donor/splice acceptor combination utilization, subcloned into a plasmid vector and the nucleotide sequences were obtained. Two novel splice acceptor sites have been identified.
The regulatory and accessory proteins of human immunodeficiency virus type 1 (HIV-1) are produced from singly or multiply spliced mRNAs. We have used HIV-l-specific oligonucleotide primer pairs in a polymerase chain reaction procedure on RNA from lymphocyte cell lines infected with HIV-1228200. The amplified products were analysed by hybridization with splice junction-specifc oligonucleotide probes to determine splice donor/splice acceptor combination utilization, subcloned into a plasmid vector and the nucleotide sequences were obtained. Two novel splice acceptor sites have been identified.
The genome of immunodeficiency virus type 1 (HIV-1) encodes the characteristic structural proteins of retroviruses, gag, pol and env, as well as a number of regulatory and accessory proteins ( Fig. 1) , including tat, rev, nef, vpu, vpr, vif and the recently reported vpt (Cohen et al., 1990) and tnv (Salfeld et al., 1990) or tev (Benko et al., 1990) . The different proteins are expressed by ribosomal frameshifting (for gag-pol and vpt) and by the production of alternatively spliced mRNAs from the full-length precursor RNA. The regulatory proteins tat, rev and nef are encoded by 12 alternatively spliced mRNAs (Arya et al., 1985; Muesing et al., 1985; Schwartz et al., 1990a) . Many multiply spliced mRNAs containing a small exon in the env region express alternative forms of these regulatory factors (Benko et al., 1990; Salfeld et al., 1990) . Through a complex series of splicing events, more than 72 different mRNAs could be generated, and many mRNAs have the potential to produce more than one protein; however, the proviral DNA has only one transcription initiation site. Alternative splicing events may lead to differential gene expression and therefore play a role in the regulation of HIV-1 replication. The use of different cells and viral isolates may reveal alternative splice preferences.
We have devised oligonucleotide primers to use in a polymerase chain reaction (PCR) procedure for detection of multiply spliced RNAs which might encode the regulatory and accessory genes of HIV-1. The primer pairs were located just before the first (major) splice donor (SD1) at nucleotides 225 to 245 (primer 5'), and
The nucleotide sequence data reported in this paper have been submitted to the EMBL database and assigned the accession numbers Zl1756 and Zl1757. Myers (1991) . LTR, long terminal repeat.
downstream at sites just 3' to tat exon 3 at nucleotides 7997 to 8017 (primer 3'a), and 3' to the nefencoding region at nucleotides 8974 to 8992 (primer 3'b). The numbering system follows the HIV HXB2R sequence (Myers, 1991) , where + 1 is the mRNA start site. These primers span all the previously predicted (Haseltine, 1988) and confirmed SD and splice acceptor (SA) sites of HIV-1 (Arrigo et al., 1989 (Arrigo et al., , 1990 Guatelli et al., 1990; Robert-Guroff et al., 1990; Schwartz et al., 1990a, b) . Since the conditions used do not allow amplification of large (>3 kb) products, spliced mRNAs have been selected for. A local, clinical H1V-1 isolate, designated 228200 (Kiernan et al., 1990) was chosen for these studies because it grew rapidly to very high titres in CD4 ÷ cell lines. This isolate has been used extensively in our laboratory. Partial nucleotide sequencing has demonstrated a 98.9% identity with the reference strain HXB2R.
Cytoplasmic RNA was prepared (Gough, 1988 ) from uninfected as well as HIV-12282o0-infected MT-2 cells, a human T cell lymphotropic virus type I (HTLV-I)-transformed lymphocyte line, and CEM ceils, a T lymphoblastoid cell line. RNA was reverse-transcribed by Moloney murine leukaemia virus reverse transcriptase (Pharmacia LKB), amplified by PCR using a DNA thermal cycler (Perkin-Elmer Cetus) and the amplified products were analysed by Southern blotting with 20 ng of oligonucleotide probe labelled with [~-32p]ATP (Amersham) using T4 polynucleotide kinase (Pharmacia LKB). The hybridized blots were washed twice at the temperature of dissociation (McFarland et al., 1982) for each probe in 1 M-NaCI, 1 mM-EDTA.
A series of oligonucleotide probes (24-mers), targeted to sequences flanking the predicted HIV-1 splice junctions, was used to identify SD/SA combinations associated with different PCR-amplified products. Some of these probes have been shown to detect spliced RNA Table 1 . We have demonstrated that four of the five predicted SDs, and 10 of the 13 predicted SAs were used by HIV-1228200. Predicted SAs at nucleotides 4047, 7897 (SA8), 7901 (SA9) and 8071 were negative in all SD combinations. The SD at nucleotide 6269 (SD5) was found to be negative in all SA combinations in HIV-1228200. This SD has been shown to be used in the generation of a hybrid protein, tnv (Salfeld et al., 1990) or tev (Benko et al., 1990) . The tev/tnv open reading frame (ORF), however, has been identified only from the nucleotide sequences for HIV-1 isolates HIVLAI and HXB2R (Myers, 1991) and confirmed experimentally for HXB2R alone (Benko et al., 1990; Salfield et al., 1990) . In addition, the SD consensus sequence is found at nucleotide 6269 in only one other HIV-1 isolate, HIVSC. Therefore, HIV228200, used in these studies, is similar to the majority of HIV-1 isolates sequenced so far, in that it does not use SD5 in the generation of mRNA transcripts. Other predicted splice combinations not used by this isolate included SD2/SA5, SD2/SA7 and SD3/SA7. Of * Nucleotide numbering is according to HXB2R (Myers, 1991) .
t Splice junctions are named according combination (Schwartz et al., 1990b) .
:~ ND, Not determined.
the sequence of HIV to their SD and SA the SD and SA nucleotide sequences of HIV-1228200 so far determined, all (except SD5 and SA4, 7, 8, 9 ) are identical to the HXB2R sequence referred to here (data not shown) suggesting that significant sequence variation is unlikely to explain negative probings. Furthermore we have demonstrated a new SA site at nucleotide Amino acid sequence analysis has revealed a short ORF encoding the C-terminal 34 amino acids of nef, as indicated. The nucleotide numbering system is that of HIV HXB2R according to Myers (1991) ; EMBL accession number Z11756.
4092 which we have designated SAI 1 (Fig. 1) . This has been shown to be used in SD/SA combination 1/11 in HIV-1228200-infected cells. The pattern of expression of small multiply spliced mRNAs in CEM cells infected with HIV-12282o0 was studied in cytoplasmic RNA extracted at the same time post-infection as was that from MT-2 cells (Table 1) . The only mRNAs detected in CEM cells showed the SD/SA combinations 1/1, 1/6, 1/12, 2/4, 4/10 and 4/12. This variation in mRNA production observed may reflect cell to cell differences in the kinetics of expression.
To characterize fully the different spliced mRNAs, cDNA amplified using the above PCR primers was extracted from the reaction mix with chloroform and precipitated with isopropanol in the presence of 0.2 Msodium acetate pH 6. The amplification products were redissolved and digested with XbaI and XmaI. These restriction sites had been included in the tails of the 5' and 3' PCR primers, respectively, and had been cloned The position of SDs and SAs, and PCR amplification primers, 5' and 3'a, is shown. The nucleotide numbering system is that of HIV HXB2R according to Myers (1991) ; EMBL accession number Z11757.
into a modified Bluescript vector (pVZ-1) digested with the same enzymes. Escherichia coli SURE cells (Stratagene) were transformed with ligated DNA and the DNA sequence of recombinant clones was determined by the dideoxynucleotide chain termination procedure of Sanger et al. (1977) . This work has led to the identification of two novel species. First, clone B16.3, 409 bp in length, was generated by splicing of the HIV-1 genome at SD1/SA6 and SD4 to a new SA at nucleotide 8718, which we have called SAI2 (Fig. 1) . Analysis of the nucleotide sequence of this species using PC/Gene software (IntelliGenetics) has led to the identification of a single short ORF encoding the C-terminal 34 amino acids of nef (Fig. 2) . The resulting protein, if synthesized, would have a calculated Mr of 4274. To determine the utilization of the novel splice acceptor SA12 in combination with SD1, 2, 3 and 5 as well as SD4, oligonucleotide probes which targeted these SD/SA combinations were used to analyse PCR-amplified products from cytoplasmic RNA of HIV22s 2o0-infected MT-2 ceils. Species were detected by each probe, except that which targeted SD5/SA12 (Table  1) , which was negative, indicating that SD1/SA12, SD2/SA12, SD3/SA12 and SD4/SA12 combinations are used in the production of a series of distinct RNAs. Similarly, only probes to SD 1/SA 12 and SD4/SD12 were positive with the infected CEM cells. Further characterization of these species is necessary. Second, clone A4. ! is a 344 bp PCR product of primer 5' to Ya amplification which utilizes the SD/SA combination 1/1, 2/2, 3/6, 4/10. As there is no initiator ATG codon within the amplified region (Fig. 3) we suggest that this sequence may represent a novel nefencoding mRNA which initiates downstream at nucleotide 8400.
HIV-1 pre-mRNA splicing involves the complex use of multiple SDs and SAs (Arya et al., 1985; Muesing et al., 1985; Myers, 1991) . The use of these sites generates both multiple transcripts, capable of expressing the same gene, and polycistronic transcripts theoretically capable of expressing several genes. We have identified two additional SA sites (SA11 and SA12) further underlining the complexity of HIV-1 splicing. Both SA site sequences are conserved among the different HIV-1 isolates found in the Human Retroviruses and AIDS database (Myers, 1991) and are in good agreement with the consensus SA sequence (Shapiro & Senopathy, 1987) .
The temporal use of alternative SAs for viral RNA processing during HIV-1 replication has been reported (Guatelli et al., 1990; Michael et al., 1991) . Also, alternative splice preferences have been observed with different host cell-virus strain combinations (RobertGuroff et al., 1990) . Transcripts encoding the regulatory gene nefdiffered in their utilization of SAs for deletion of their 5' introns, between H9 T lymphoid cells infected with HTLV-IIIB and peripheral blood monocytemacrophages infected with HIVBA-L (Robert-Guroff et al., 1990) . We have shown these differences to be even more subtle, that is, between T cell lines. The alternative selection of SAs suggests a mechanism for differential gene expression, which may be important in understanding viral mechanisms involved in the replication of HIV-1 and their relationship to tropism in different host cell types.
